Twenty mature New-Zealand White (NZW) 
Twenty mature New-Zealand White (NZW) rabbits does (about 5-6 months of age and 2. 75 -3 .00 kg of life body weight) were used in the present study. The study aimed to test three levels of linseed oil with soluble (1.5%, 3.0% and 4.5%) as feed supplementation to basal diet on some productive and reproductive performance of rabbit does. Some blood parameters as well as the economic efficiency of using these levels were also studied.
The obtained results show that 3.0% linseed oil supplementation significantly decreased (P≤0.05) the number of services per conception (NSC), days open (DO) and kidding interval (KI) without affecting the length of gestation period (GPL) compared to those of the control group. No significant effect on litter size (LS) as well as daily weight gain (DWG) from birth till 35 days of age due to different levels of linseed oil supplementation compared to those of the control group. While, supplementation with 4.5% linseed oil significantly improved (P≤0.05) litter weight (LW) and mean bunny weight (MBW) of NZW' does. Although there were no significant differences among the experimental groups in mortality rate (MR%) during the first two periods (birth-21 and 21-35 days of age), the 3.0% linseed oil treatment gave the lowest (P≤0.05) MR%.
Blood parameters showed that linseed oil supplementation groups had the highest (P≤0.05) total protein (TP) level recorded after the first parity followed by those recorded at the end of the experiment and after the second parity, respectively. The level of globulin (Glob.) was increased but without significant difference after the first parity and the albumin (Alb.) In recent decades, human health concern took place because of the century diseases spread all over the world, so that a demand increased on producing healthy meat (meat with low saturated fatty acids "FAs" and high unsaturated Fatty acid levels).
In (2000) Simopoulos reported that Omega-3-polyunsaturated fatty acids (Ω-3-PUFA) plays a vital role in human nutrition since they help to reduce the incidence of coronary artery diseases, hypertension and diabetes and certain inflammatory diseases as arthritis and dermatitis. So that, rabbit meat may be suitable to produce specific functional foods because of it is characterized by its content of fatty acid profile, vitamin and minerals which could be further enriched via feeding (Suraï, 2002; Marounek et al., 2009 and Szendrő, 2011) . Rabbits like other monogastric animals are able to incorporate dietary fatty acids into adipose tissue and intramuscular fats, thus making it possible to modify the fatty acids profile of rabbits' meat through the planned use of unsaturated dietary fat sources (Dalle Zotte, 2002) . Baucells et al. (2000) stated that enrichment of Ω-3-PUFA in rabbit meats could be a right way to ensure an adequate supply of Ω-3-PUFA for the population and this can be reached by adding common sources of Ω-3-PUFA such as Linseed oil to the rabbit diet.
In (2006) Hernández and Gondret reported that Linseed oil is common feed ingredients used to increase meat Ω-3-PUFA in rabbits. Moreover, as reported by Bielanski and Kowalska (2008) several studies recorded a favorable effect on the composition of the lipid fraction of rabbit meat, causing a significant decrease in total saturated fatty acids (SFA) and an increase in polyunsaturated fatty acids (Ω-3-PUFA) when Linseed oil added to rabbit diets. Also, Popa et al. (2012) reported that linseed oil contains 6.58% 16:0 palmitic, 4.43% 18:0 stearic, 18.51% 18:1 Oleic, 17.25% 18:2 Linoleic and 53.21% 18:3 Linolenic unsaturated fatty acids.
In (2009) Cavani et al. reported that the administration of enriched diets during the last two weeks of fattening (rearing) is sufficient to increase the polyunsaturated fatty acids (Ω-3-PUFA) content of the meat and this approach may reduce costs in comparison to a longer treatment.
It is well known that fat in the diets improves energy status of feeds thus can influence reproduction. In this concern, Mattos et al. (2000) explained that positive reproduction using diets supplemented with fats can take place by altering both ovarian follicles and corpus luteum function through increasing precursors for the synthesis of reproductive hormones such as steroids and prostaglandin. Elkomy and El-Speiy (2015) concluded that replacement of the prostaglandin-F2-alpha (PGF2α) injection by oral administration at the rate of 3 ml/doe/day of Sunflower or Linseed oils to old does improved sexual hormone synthesis and secretion, litter size at birth by 21.9% and bunny body weight at birth by 22% compared to the control group.
Therefore, the aim of the present study was to find out the effect of supplementing different levels of linseed oil in the diets of New-Zealand rabbits does as a source of Omega-3-polyunsaturated fatty acids (Ω-3-PUFA) on some productive and reproductive traits and its reflection on some blood parameters. Economic efficiency of feeding these supplementations levels compared to that of the control group was also studied.
MATERIALS AND METHODS
The experimental work was carried out in a special rabbit production farm at Dekkrns District, Dakahlia Governorate, Egypt. three levels of linseed oil with soluble (1.5%, 3.0% and 4.5%) as feed supplementations were incorporated to basal diets. The system provided animals with fresh water and diets which were offered ad libitum all time over the experimental period. The experimental diets were offered on pelleted form which formulated in the farm from the available ingredients to cover the nutrient requirements of rabbits as recommended by NRC (1977) as shown in Table 1 .
Animals and management:
Twenty mature New-Zealand White does (5-6 months of age and 2.75-3.00 kg life body weight) were used in the present study. The experimental animals were divided between four groups (5 mature does each). Each group of rabbits was fed one of the four experimental diets which contained linseed oil (0, 1.5, 3.0 and 4.5%). The rabbits were separately housed in individual wired-cages (50 x 50 x 35 cm).
Rabbits were kept under similar management system. Cages and nest boxes were cleaned and disinfected regularly before each kindling. Light in their houses was allowed 12-14 hours per day during the period of the study, urine and faces dropped from the cages on the floor were cleaned every day in the morning.
Each doe was transferred to the cage of buck assigned for mating and returned back to her own cage after being mated. Each doe was palpated 10 days thereafter to determine pregnancy and those failed to conceive were returned to the same mated buck. On 27 th day of pregnancy, the nest boxes were supplied with wooden straw to help the doe in preparing a worm suitable comfortable nest for the bunnies of her litter. Within 12 hours after kindling, litter were checked and date of birth, number of kits, stillbirth removed and weight of kits were recorded. Afterwards, litters were examined each morning during the suckling period and the dead ones were recorded and removed from the nest. Young rabbits were weaned at five weeks of age (35 day) and transferred to the progeny cages with group of five rabbits per cage.
Does' reproductive traits:
Reproductive performance of doe rabbits including number of services per conception (NSC), days open (DO, interval from kindling to next conception), gestation period length (GPL) and kindling interval (KI) were calculated. 
Does' productive traits:
Litter size (LS) as well as litter weights (LW) were recorded at 21 days and 35 days of age. Mean bunny weight (MBW) was measured at birth, 21 days and 35 days of age and thereafter daily weight gain (DWG) calculated for the periods of from birth till 21 days, from 21 till 35 days and for the whole period from birth till weaning (at 35 days) age. Mortality rate (MR) as one of the sensitive parameters related to the economical return of production was also recorded in the present investigation at birth, 21 days (from birth up to 21 days of age) and 35 days (from birth up to 35 days of age).
Serum biochemical studies:
Some biochemical parameters in serum of does through three times (after the first parity, after the second parity and at the end of experimental period) were investigated in the collected samples in a heparonized tubes foreach rabbit.Samples placed immediatelyonice and plasma were obtained by centrifugation at 4000 rpm for 20 min. and werestoredat -20 o C until analysis .Plasma samples were analyzed forthe levels of total protein (TP), globulin (Glob.), albumin (Alb.), total lipids (TL), cholesterol, high density lipids (HDL) and tri-glycerides (TG) calorimetrically using commercial kits (Diamond Diagnostics, Egypt) according to the procedure outlined by the manufacturer.
Economic Efficiency:
To evaluate the economic efficiency of using the experimental feed additives in does' rabbit diets, total feed consumption/dam and feed consumption for does with their litter were recorded. Total weight rabbits/dam, average of parity/dam, average of feed consumed (Kg/dam/parity) and average weight rabbits/dam/parity used to calculate economic efficiency and relative economic efficiency depending on the market prices for both costs and return, during the experimental period. Economic Efficiency (E.E) was calculated as follows: Total feed cost/dam (L.E) = Total feed intake (Kg) x price/kg feed (L.E).
Total return/dam (L.E) = Total weight rabbits/dam (kg) x price/kg live body weight (
Statistical analysis:
Data were statistically analyzed by Using Computer Program of SAS (2000) using the general linear models (GLM). Significance among treatment means were tested at (P≤0.05) using Duncan's New Multiple Rang Test (Duncan, 1955) .
RESULTS AND DISCUSSION

Reproductive traits:
The obtained results for the effect of adding linseed oil to diets of does on number of services per conception (NSC), gestation period length (GPL), days open (DO, interval from kindling to next conception) and kindling interval (KI) were recorded in Table ( 2).
Results indicates clearly that using linseed oil significantly decreased NSC and the best level of supplementation for this character was 3.0% compared to the control one and the other two supplementations levels. On the other hand, gestation period length (GPL) did not show any significant influence due to the supplementation compared to the control group. Does rabbit received 3.0% linseed oil supplementation in their diets recorded the lowest (P≤0.05) DO, while those received 1.5% gave the longest (P≤0.05) period of DO. The KI trait showed the same trend for DO since it was the shortest (P≤0.05) with 3.0% linseed oil supplementation and the longest (P≤0.05) with 1.5% linseed oil supplementation.
The obtained results supported by findings of Elkomy and El-Speiy (2015) who found that fertility rate improved in rabbits' does treated with a synthetic prostaglandin-F2α + equine Chorionic Gonadotropin or with prostaglandin precursor (Sunflower or Linseed) + PMGs and conception rate as well in comparison to the PMGs alone.
Such trend and findings explained by Mattos et al. (2000) who stated that positive reproduction is the reflection of using diets supplemented with fats by altering both ovarian follicles and corpus luteum function through increasing precursors of synthesis for reproductive hormones (steroids and prostaglandin).
Generally, the fluctuation in the results of the reproductive traits can occur on the bases of the fact that although essential oils claimed to being digestive enhancers, having antimicrobial activity and promote general health. Hippenstiel et al. (2011) and Bozkurt et al. (2014) reported that studies still lack in quantification of active components and explaining their mode of action and accordingly standardization will be imprecise.
Productive traits:
The obtained results for the effect of incorporating different levels of linseed oil to diets of does on litter size (LS), litter weight (LW), mean bunny weight (MBW), bunny daily weight gain (DWG) and mortality rate(MR) are presented in Table 3 . The LS did not show any significant changes during the three experimental recoding times from birth till 35 days of age compared with those of the control. On the other hand, LW showed significant (P≤0.05) increase with using 4.5% linseed oil at birth time compared to those in the group of 1.5% and the control ones. At birth time only the heaviest (P≤0.05) MBW obtained when diets supplemented with 4.5% oil, while the lowest (P≤0.05) value was recorded with using 1.5% oil. Does of the 3.0% oil and control groups recorded the intermediate value compared with those of 1.5% and 4.5% linseed oil supplementation but without significant differences either at birth or during the two recording times. During the periods from birth till 21 days, from 21 till 35 and from birth till 35 days of age, DWG did not show any significant (P≤0.05) differences due to linseed oil supplementation to the dams' diets. It is worth to mention that during the whole period from birth till 35 days of age, the MR% gave the lowest (P≤0.05) value in the 3.0% oil supplementation group, while the highest (P≤0.05) value recorded with the 1.5% oil supplementation group. The recorded values for the control group and 4.5% oil supplementation ones did not significantly differ compared with the other two treatment groups. On the other hand, no significant effect was noticed in MR% during the two periods from birth till 21 days of age and from 21 days till 35 days of age.
The obtained results in the present study clearly indicates that the use of 3.0% linseed oil improved the productive traits of does compared to the other two supplementation rates (1.5 and 4.5%) and the control ones. These results are in harmony with those recorded by Elkomy and El-Speiy (2015) who found that replacement of the prostaglandin-F2-alpha (PGF2α) injection by oral administration at the rate of 3 ml/doe/day of Linseed oil to old does improved litter size at birth by 21.9% and bunny body weight at birth by 22% compared to the control group. Similar results of daily weight gain for the insignificant effect of linseed oil supplementation obtained herein are reported by Zeweil et al. (2016) . Regarding the reduction in MR%, it can be supported by McKeegan and Sturmey (2012) who stated that the lipids stored within the oocyte and early embryo represents an important source of energy for the early embryo. Moreover, Kowalska (2008) found that the female rabbits fed a complete diet supplemented with fish oil had a quantitatively and qualitatively better milk fat content, higher fertility prolificacy values, and higher body weight of young rabbits at birth. These findings supported the obtained results in the present investigation in terms of increased litter size, fertility and higher body weight at birth.
The results obtained in this study are in general agreement with other studies showing that diets contained high n-3 PUFA did not significantly influence productive performances in rabbits as discussed and reviewed by Trebušak et al. (2011) . On the other hand, Szendrő et al. (2012) reported that body weight gain, body weight, feed intake and feed conversion were not affected by dietary treatment. They also found that mortality was lower in the group received linseed oil, vitamin E and selenium for one week during the finishing period compared with that of the control group by 13.4% and the other two experimental groups (being 5.6 and 11.1%, resp.). Moreover, Rodriguez et al. (2017) reported that the control diet (contained 4.59 g of n-3 per 100 g of total fatty acids "FA") with 14.9 g of n-3 per 100 g FA did not make differences (P>0.05) between groups in average daily feed intake, average daily gain and gain: feed ratio during the growing period of rabbits.
In general, the improvement in body weight gain and health status of animals can be attributed to supplementation of diets with essential oils which are often supposed to change flavor and palatability of feeds, thus increasing voluntary feed intake. In this concern, Zeng et al. (2015) reported that "herbs and their constituent essential oils are often supposed to improve flavor and indirectly palatability of feeds, thus increasing voluntary feed intake which, in turn, results in improved body weight gain and feed conversion ratio".
Serum biochemical studies:
Data in Table ( 4) presents for the reflection of using linseed oil supplementation in does' rabbit diets on total protein (TP), globulin (Glob.), albumin (Alb.), total lipids (TL), cholesterol, high density lipids (HDL) and tri-glycerides (TG) in their serum. It is worth mentioning that TP increased with sampling time advancement recording the highest (P≤0.05) value at the end of the experiment in the control group. While, linseed oil supplementation group recorded the highest (P≤0.05) TP value at the first sampling time followed by those recorded at the end of the experiment and second sampling time, respectively. The value of Glob. was increased but without significant at first sampling time due to oil supplementations, while significant differences noticed with using 1.5% oil supplementation at second sampling time and at end of the experiment of sampling times. The Alb. concentrations gave its high values in the 3.0% oil supplementation group. The highest TL obtained with 1.5% and 4.5% oil supplementation groups without significant differences between them, but such differences were significant with the other two experimental groups (control and 3.0% oil supplementation) which recorded the lowest values especially at the second and third sampling times. Cholesterol showed general trend to increase with sampling time advancement, but the supplementation of diets with linseed oil generally tended to decrease cholesterol level compared to the control. The 3.0% oil supplementation was the best treatment recorded the lowest cholesterol level. The control group recorded the highest (P≤0.05) HDL values compared to other groups fed linseed oil supplementation which recorded lower values without significant differences among them. Supplementing does' diets with linseed oil significantly increased TG (P≤0.05) especially at first and last sampling times. The 3.0% linseed oil supplementation recorded the lowest (P≤0.05) TG value among the other two supplemented groups end period of the experiment. Eid et al. (2010) found that serum cholesterol levels as well as triglycerides were significantly decreased in rabbits fed 2% linseed oil relative to control diet. On the other hand, high density lipoprotein cholesterol (HDL) values were significantly (P≤0.05) increased by supplementing 2% linseed oil.
The obtained results came on line with those obtained by Kemin et al. (2008) on mice. In this concern, Ikeda et al. (2001) explained the reduction in plasma triglyceride concentrations by Ω-3 fatty acids achieved through reduced endogenous very low-density lipoprotein production. Moreover, Salama (2011) reported that plasma cholesterol and triglycerides concentrations were significantly decreased in rabbits fed diet supplemented with 2% linseed oil compared to the control diet. On the other hand, values of HDL were significantly (P≤0.05) increased by supplementing 2% linseed oil. Also, Saleh et al. (2013) showed that dietary supplementation of linseed oil decreased plasma total cholesterol and LDL. The obtained trend in the present study came on line with those of Zeweil et al. (2016) who found that serum total lipids, total cholesterol and triglycerides were significantly (P≤0.01) reduced as a result of adding 100 or 200 mg lycopene in growing rabbit diets compared to the control group.
Economic efficiency of feeding diets of linseed oil supplementation:
Results listed in Table ( 5) revealed that linseed oil supplementation generally improved feed intake (Kg/dam) compared to that of the control group. The group received 4.5% linseed oil recorded the highest value but without significant differences with the other two oil supplementation groups.
Total weight rabbits (Kg/dam) and average weight rabbits (Kg/dam/parity) were the highest (P≤0.05) in the 3.0% linseed oil supplemented group with lowest (P≤0.05) average of feed consumed (Kg/dam/parity). Average number of parity per dam ranged between 2.4 and 3.0 without significant effect of supplementing linseed oil to dams diets.
Moreover, it seems that, although there is a slight increase in the price of kg feed with adding oil compared to the control one, the total feed cost was better in the 3.0% oil group.
The reduction in total feed cost improved net return, economic efficiency and relative economic efficiency for the 3.0% linseed oil supplemented group compared to that of the control and other two supplemented groups. It is clear that the addition of oil as a source of Omega-3-polyunsaturated fatty acids (Ω-3-PUFA) improved feeding efficiency by about 17% and relative economic efficiency by about 34% compared to the control group. Similar trends recorded by Hamed et al. (2015) by using flaxseed oil at the rate of 2% with V-line rabbit does.
Generally, Ayyat (2018) reported that feed additives may improve the dietary value in a dose-dependent manner and foster the production of rabbit meat, decrease the perirenal and scapular fat content and improve oxidative stability of rabbit meat. Conclusively, it could be concluded that supplementing rabbit' does diets with 3.0% linseed oil recorded the mostly positive results in terms of dams reproductive, productive traits and the studied blood parameters. From economic efficiency point of view, the addition of linseed oil up to 4.5% as a source of Omega-3-polyunsaturated fatty acids reduced average feed consumption/parity by about 17% and improved total feed cost/parity (LE), total return/parity (LE) and relative economic efficiency by about 34% as well.
